Background Following gastric bypass surgery (GBP), there is a post-prandial rise of incretin and satiety gut peptides. The mechanisms of enhanced incretin release in response to nutrients after GBP is not elucidated and may be in relation to altered nutrient transit time and/or malabsorption. Methods Seven morbidly obese subjects (BMI 044.5 ± 2.8 kg/m 2 ) were studied before and 1 year after GBP with a D-xylose test. After ingestion of 25 g of D-xylose in 200 mL of non-carbonated water, blood samples were collected at frequent time intervals to determine gastric emptying (time to appearance of D-xylose) and carbohydrate absorption using standard criteria. Results One year after GBP, subjects lost 45.0±9.7 kg and had a BMI of 27.1±4.7 kg/m 2 . Gastric emptying was more rapid after GBP. The mean time to appearance of D-xylose in serum decreased from 18.6±6.9 min prior to GBP to 7.9± 2.7 min after GBP (p00.006). There was no significant difference in absorption before (serum D-xylose concentrations035.6±12.6 mg/dL at 60 min and 33.9±9.1 mg/dL at 180 min) or 1 year after GBP (serum D-xylose 031.5± 18.1 mg/dL at 60 min and 27.2±11.9 mg/dL at 180 min). Conclusions These data confirm the acceleration of gastric emptying for liquid and the absence of carbohydrate malabsorption 1 year after GBP. Rapid gastric emptying may play a role in incretin response after GBP and the resulting improved glucose homeostasis.
Introduction
As a result of gastric bypass surgery (GBP), the postprandial release of satiety and incretin gut peptides such as GLP1 [1, 2] , PYY [3] , or oxyntomodulin [4] is enhanced. The mechanism of the increased release of gut peptides in response to nutrients after GBP may involve accelerated nutrient transit time [1] or altered nutrient sensing [5] .
Physiologically, gastric emptying (GE) is an important determinant of blood glucose [6] and of incretin levels [7] . Accelerated nutrient emptying after total gastrectomy increases GLP-1 release in response to an oral challenge [8] . GE is accelerated after GBP [9, 10] and the enhanced GLP-1 response to a liquid mixed meal is related to gastric emptying [1] .
Maldigestion of carbohydrates with possible altered nutrient sensing is implicated in incretin release [5, 11] . Little is known about nutrient absorption after GBP surgery. Although vitamin and mineral deficiencies are often reported, indicating malabsorption of those micronutrients [12] , malabsorption of macronutrients may not be significant [13] . The aim of the present study was to assess the change of GE and of carbohydrate absorption after GBP. We hypothesized that GE for liquid would be accelerated. We also hypothesized the presence of some degree of carbohydrate malabsorption 1 year after GBP.
Materials and Methods

Subjects
Seven morbidly obese individuals were recruited among patients who presented for bariatric surgery at St Luke's Roosevelt Hospital. All participants provided informed consent prior to enrolment in the study.
Study Design
Patients were studied before and 1 year after GBP. All participants underwent laparoscopic GBP as described previously [2] . The jejunum was divided 30 cm from the ligament of Treitz and anastomosed to a 30-mL proximal gastric pouch. The jejunum was re-anastomosed 150 cm distal to the gastro-jejunostomy.
D-Xylose Test
The subjects ingested 25 g of D-xylose in 200 mL water after an overnight fast. Blood samples were collected at 0, 5, 10, 20, 30, 60, 90, 120, and 180 min via a peripheral intravenous catheter into chilled sodium fluoride-potassium oxalate tubes. Samples were centrifuged at 1,620g for 15 min at 4°C to separate the plasma. Plasma samples were stored at −70°C until analysis. Serum D-xylose levels, after ingestion of a solution of D-xylose, were used as an indirect measure of gastric emptying (GE) as defined by the time to appearance of detectable D-xylose concentration in serum, at least 5 mg/dL above baseline levels [14] . Carbohydrate malabsorption was determined using standard criteria: at 60 min D-xylose concentrations <20 mg/dL and at 180 min <22.5 mg/dL [15] . Symptoms (nausea, vomiting, diarrhea, diaphoresis) and vital signs were monitored during the 3-h test to assess potential dumping syndrome after ingestion of the D-xylose drink.
D-xylose levels were measured by colorimetric assay [16] . The intra-assay coefficient of variation was less than 10 % for D-xylose concentrations ranging from 5 to 70 mg/ dL. Glucose concentrations were measured at the bedside by the glucose oxidase method (Analox Glucose Analyzer; Analox Instruments, Lunenburg, MA, USA). All assays were performed at the New York Obesity Research Nutrition Center.
Statistical Analysis
Paired t-tests were used to assess changes in outcome variables before and after GBP. Pitman's tests were used to compare correlated variances (square of the SD (σ 2 )) to quantify changes in variability over time. SPSS 18 was used for data analysis. Data are represented as mean ± SD. P-values <0.05 were considered to be statistically significant.
Results
The mean age of participants (n07) was 38.7±13.0 years and pre-GBP BMI was 44.5±2.8 kg/m 2 ( Table 1) . Three subjects had recently been diagnosed with type 2 diabetes and had a mean glycated hemoglobin (HbA1C) of 6.2±0.3 %.
Weight and BMI decreased significantly 1 year after GBP as expected, with a mean weight loss at 1 year of 45.0±9.7 kg (Table 1 ). For subjects with diabetes, the HbA1C normalized at 1 year (6.4±0.5 to 5.6±0.1 %). Four of the seven subjects experienced minor to moderate symptoms of nausea and upset stomach, likely in relation to dumping after ingestion of Dxylose after GBP. The time to appearance of D-xylose in serum, used as an indirect measure of GE, decreased from 18.6±6.9 min prior to GBP to 7.9±2.7 min after GBP (p0 0.006), showing acceleration of liquid emptying from the gastric pouch after GBP (Table 1 ; Fig. 1 ). This occurs in spite of a longer time to drink the D-xylose solution. The time to drink increased from 1.5±0.9 min before GBP to 5.5±3.2 min after GBP.
As expected, none of the participants had D-xylose malabsorption prior to GBP. Contrary to our hypothesis, there was no difference in absorption of D-xylose 1 year after GBP. D-xylose concentrations were greater than 20 mg/dL at 60 min (31.5±18.1 mg/dL) and greater than 22.5 mg/dL at 180 min (27.20±12.0 mg/dL).
Both GE and D-xylose absorption were characterized by inter-subject variability before and after surgery. Variance in time to appearance of D-xylose decreased significantly (p 00.001) after GBP. There was a trend, though insignificant, towards increased variance of Dxylose concentration at 60 min (p00.098) and 180 min (p00.148) after GBP.
Discussion
These data confirmed the accelerated gastric emptying for liquid after GBP. This is in agreement with several past studies, using either the gold standard direct scintigraphic method [9, 10, 17] or the indirect method by acetaminophen [1] which showed that gastric emptying is accelerated for liquids following GBP. On the contrary, GE has been shown to be slower for solids after bypass [9, 10] . Nutrient transit time is related to GLP-1 release. Accelerated nutrient emptying after total gastrectomy increases GLP-1 release in response to a solid meal challenge [8] . The incretin response to a liquid meal was also shown to be related to nutrient transit time 6 weeks after GBP [1] . Similarly, accelerated transit of a liquid meal was implicated in the enhanced incretin response that led to hyperinsulinemic hypoglycemia after GBP [18] .
We hypothesized that the bypass procedure and shunting of the duodenum, with delayed and/or maldigestion of the chyme, would result in malabsorption of carbohydrate, as assessed by D-xylose test. Contrary to our hypothesis, our data demonstrate no difference in the total absorption of carbohydrate 1 year after GBP in our cohort. D-xylose absorption is passive at the concentrations reached with a 25-g dose [19] . Serum D-xylose concentration is therefore more a measure of small bowel surface area, and these results suggest that a substantial amount of surface area for absorption remains after gastric bypass. Although vitamin and micronutrient malabsorption are frequently reported and can be clinical challenges [12, 20, 21] , there are few reports of macronutrient malabsorption after GBP. Fecal fat excretion has been shown to be increased to an average of greater than 6 g, meeting clinical criteria for steatorrhea, at 6 months and 1 year after GBP [22] . Odstrcil et al. identified no significant changes in fat, protein, and carbohydrate absorption in nine patients 5 and 14 months after GBP [13] . However, there is a paucity of data on carbohydrate absorption after bypass surgery. Most dietary carbohydrate should be well absorbed in the Roux limb after digestion by mucosal disaccharidases and uptake via sodium-glucose cotransport. Salivary amylase can digest starches in the mouth and gastric pouch, and the digestive products could then be absorbed in the Roux limb. Further, carbohydrate digestion and absorption would occur in the common channel, which contains the pancreatic amylase [23] . Finally, carbohydrates not absorbed in the small intestine reach the colon, where bacteria convert them to short-chain fatty acids. These fatty Criteria for carbohydrate malabsorption by D-xylose test: (1) 60 min serum D-xylose <20 mg/dL and (2) 180 min serum D-xylose <22.5 mg/dL [15] acids are absorbed mostly by colonic mucosa [24] . Alteration of nutrient sensing with maldigestion and or malabsorption has been shown to alter GLP-1 release. Maldigestion of carbohydrates by the administration of acarbose, an alpha glucosidase inhibitor [5, 25] , or arabinose, an intestinal sucrase inhibitor [11] , increases post-prandial GLP-1 in humans.
We have previously described increase over time of the between-subject variability of the incretin response 2 years after GBP [26] . If any relation exists between incretin response and gastric emptying, we would expect to find similar changes in between-subject variability of gastric emptying and absorption of carbohydrates. However, the variance in time to appearance of D-xylose decreased significantly and there was no significant change in the variance of the absorption. Future studies will have to address change in absorption rate, taking into account dietary changes.
Individual variability in gastric pouch emptying and absorption of carbohydrates may be dependent on the size of the gastro-jejunal anastomosis and of the length of the Roux and the bypassed limbs. However, neither Horowitz et al. [10] nor Naslund and Beckman [9] , with scintigraphic state-of-the-art methods, showed a correlation between the size of the stomach or the gastro-jejuno asnastomosis, and the rate of gastric emptying. Gastric bypass surgery is still not a standardized procedure and there is variability in the length of the Roux-en-Y and bypassed limb from patient to patient and from surgeon to surgeon. We were careful to select patients with BMI <50 kg/m 2 to ensure some homogeneity in the anatomy change induced by the surgery. For patients with BMI >50 kg/m 2 , the bypass is larger and may induce some element of malabsorption. We studied three patients with large BMIs (range 56.2 to 64.9 kg/m 2 ), and one showed malabsorption of D-xylose 1 year after GBP (data not shown). Therefore, our data have to be interpreted with caution and it is possible that some element of malabsorption occurs after GBP. This needs to be studied in patients with larger BMIs for different nutrients and for longer periods of time after surgery as some element of gut adaptation may occur overtime [26] .
Of note, about half of the patients experienced some element of discomfort, possibly related to dumping, after ingestion of 25 g of D-xylose at 1 year after GBP. Dumping syndrome is caused by the rapid emptying of a hypertonic carbohydrate load into the small bowel. The discomfort could also be explained by the size of the post-GBP gastric pouch, which is significantly smaller than the volume of Dxylose solution ingested [10] . Although dumping syndrome can be associated with abdominal pain, cramping, flushing, palpitations, diaphoresis, tachycardia, or hypotension [12] , most patients experienced no or minor symptoms after ingestion of the D-xylose solution at 1 year after GBP.
Our study has limitations. The small sample size and narrow range of BMI does not allow definite conclusions on the risk of carbohydrate malabsorption after GBP. In addition, D-xylose is a synthetic sugar and its absorption may not reflect the absorption of glucose or other natural sugars. A breath hydrogen test following an oral glucose load may be a better measure of carbohydrate malabsorption than serum D-xylose [27] .
Finally, carbohydrates are usually ingested as part of mixed meals, and the emptying and absorption of mixed nutrient may differ from that of isolated nutrient. We did not control for diet in the days prior to the study, either before or 1 year after GBP. It is possible that diet composition influences the results of the measurement [13] . Finally, we do not have data on GLP-1 levels in our cohort. D-xylose is a weak GLP-1 secretagogue after GBP.
In summary, our data confirm accelerated GE of liquid after GBP and show no malabsorption of carbohydrate by Dxylose test at 1 year after GBP in patients with BMI <50 kg/ m 2 prior to GBP. Super obese (BMI >50 kg/m 2 ) patients who may undergo a more invasive type of GBP with a longer Roux limb (>>150 cm) may experience carbohydrate malabsorption.
